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The authors used data from 6 waves of the Health and Retirement Study to evaluate changes in the prevalence of cognitive impairment among adults 70 years of age or older from 1993 to 2004. Having sampling weights for each wave enabled the authors to create merged waves that represented cross-sections of the communitydwelling older population for that year. Logistic regression analyses with year as the predictor were used to estimate trends and determine the contribution of sociodemographic and health status variables to decreasing trends in the prevalence of cognitive impairment over time (score 8 on a modified Telephone Interview Cognitive Screen). Results showed an annual decline in the prevalence of cognitive impairment of 3.4% after adjustment for age, gender, and prior test exposure (odds ratio (OR) ¼ 0.966, 95% confidence interval (CI): 0.941, 0.992). The addition of socioeconomic variables to the model attenuated the trend by 72.1%. The annual percentage of decline in impairment was larger for blacks (OR ¼ 0.943, 95% CI: 0.914, 0.973) and Hispanics (OR ¼ 0.954, 95% CI: 0.912, 0.997) than for whites (OR ¼ 0.971, 95% CI: 0.936, 1.006), although the differences were not statistically significant. Linear probability models used in secondary analyses showed larger percentage-point declines for blacks and Hispanics. Improvements in educational level contributed to declines in cognitive impairment among older adults-particularly blacks and Hispanics-in the United States. African Americans; aged; aged, 80 and over; cognition disorders; health status disparities; Hispanic Americans; prevalence; socioeconomic factors Abbreviations: AHEAD, Assets and Health Dynamics of the Oldest Old; HRS, Health and Retirement Study.
Improvements in health and increases in life expectancy have contributed to the expansion of the older population over the past century. Moreover, the number and proportion of older adults in the United States will increase from 2010 to 2030, as the ''Baby Boomer'' generation starts turning 65 years old (1) . The older population will become more diverse as it grows, and projections suggest that by 2050, 61% of older adults will be non-Hispanic white, compared with 81% in 2006 (1) .
Cognitive impairment and dementia could burden the medical care system in the United States as the older population grows. Researchers have estimated that the number of adults with dementia will increase 2.5-4-fold by 2050 because of population aging (2) (3) (4) . However, projections assume that age-specific rates of dementia will remain constant, and even modest delays in age-specific onset can have significant public health implications (4) . In addition, these estimates are not nationally representative; they combine US census data with population-based prevalence estimates from community studies.
Recent studies have examined population-level changes in the prevalence of cognitive impairment in the 1980s and 1990s by using nationally representative samples of older Americans (5) (6) (7) (8) . Although preliminary evidence suggests that there has been an overall reduction in the proportion of older adults with cognitive impairment, most studies examined changes between 2 time points only (5, 6) , and results have been inconsistent (8) . This has been described as an important gap in the knowledge of health trends in older adults (9) . Moreover, trends in disparities among racial and socioeconomic groups have not been examined. Racial/ ethnic and socioeconomic disparities in cognitive impairment have been widely documented (10) (11) (12) (13) . The purpose of the present study was to investigate recent trends in cognitive impairment in a nationally representative sample of older adults, establish whether racial/ethnic and socioeconomic disparities have widened or narrowed, and explore the contributions of demographic, socioeconomic, and health status variables to observed trends.
MATERIALS AND METHODS

Data source
Data were taken from the Health and Retirement Study (HRS), a nationally representative longitudinal survey of older Americans. The HRS was initially designed as 2 separate but related panel studies, the HRS and the Assets and Health Dynamics of the Oldest Old (AHEAD) Study, that were merged in 1998 into a single survey representative of the US population aged 51 years or older. New cohorts are added to the HRS every 6 years.
The original HRS used a longitudinal survey initially administered in 1992 to a nationally representative sample of Americans born from 1931 to 1941 and their spouses. Respondents continue to be contacted biennially as part of the ongoing HRS. The AHEAD Study was a longitudinal survey of a nationally representative sample of communitydwelling adults 70 years of age or older and their spouses (of any age) in 1993 and 1994. Respondents were re-interviewed in 1995 as part of the AHEAD Study and in later years as part of the HRS. HRS and AHEAD respondents were selected using a multistage probability sample design, with oversampling of minorities and Florida residents. Table  1 shows the birth cohorts, sample sizes, and years of data collection for the HRS and the AHEAD Study.
Study sample
We used the 6 waves of data in this project (AHEAD: 1993 and 1995; HRS: 1998 HRS: , 2000 HRS: , 2002 HRS: , and 2004 as repeated cross-sections to examine changes in the prevalence of cognitive impairment over time in Americans aged 70 years or older. Respondents who participated in any wave of the study were included in the analysis for that year.
Therefore, respondents interviewed in multiple examination cycles were included in our analyses for every wave to which they contributed data after turning 70 years old. For example, an AHEAD respondent interviewed in 1993 and again in 1995 and 1998 contributed data to each datacollection wave. Similarly, an original HRS respondent would have contributed data for all waves in which he/she participated after turning 70 years old.
Inclusion and exclusion criteria. Our study sample at each wave was restricted to noninstitutionalized adults aged 70 years or older at the time of interview. Nursing home residents were excluded, but respondents who resided in assisted living communities were included in the study sample. Respondents who did not identify themselves as white, black, or Hispanic were excluded. Respondents whose information was provided via proxy informant were not included in the results presented here; however, we used sensitivity analyses to examine changes in cognitive impairment among these ''proxy respondents.'' Table 2 shows the study sample size for each wave by race/ethnicity. The total sample size for the analyses with merged waves of data was 38,391.
Variables
Cognitive impairment. We assessed cognitive functioning among those who responded to the survey on their own behalf by using a multidimensional measure based on a modified version of the Telephone Interview Cognitive Screen and tests of immediate and delayed verbal recall. The total cognition score comprised scores for 3 areas of functioning: memory (immediate word recall list and 5-minute delayed word recall task), working memory (Serial 7's subtraction test), and mental status (backward count and date and object naming). Scores from each component measure were combined into a summary measure of cognitive function that ranged from 0 to 35, with higher scores representing better functioning. Cognitive impairment was defined as a score of 8 or less on the summary measure, according to the practice of AHEAD investigators and previous research (5, 14, 15) .
Year trend. The key independent variable was a continuously scaled variable representing the survey year. The ''year'' variable took the value of 0 in 1993 and increased by 1 each subsequent calendar year to 11 in 2004. The year Health status and health behavior. Respondents reported whether a doctor had ever told them that they had high blood pressure, diabetes, cancer, lung disease, heart disease, stroke, or a psychiatric disorder. Obesity (body mass index, measured as weight (kg)/height (m) 2 , !30) and smoking status were also included. Respondents were asked to rate their vision (with glasses if typically used) and hearing (with a hearing aid if typically used) as falling into one of the following categories: excellent, very good, good, fair, or poor.
Prior test exposure. Prior test exposure was included as a covariate to adjust for potential effects of repeat testing in this sample. Consistent with what was done in previous research, we measured prior test experience as a dichotomous variable that indicated whether or not a respondent had been previously tested (8) .
Statistical analysis
Cross-sectional sample weights were available for each wave of the HRS. Respondent-level weights for 1993-2004 were drawn from the HRS tracker file (16). Cross-sectional sample weights were adjusted for nonresponse and loss to follow-up and were constructed to match the noninstitutionalized population for that year. Thus, the weighted waves of data approximated comparable cross-sections of the community-dwelling population of older Americans in the years 1993, 1995, 1998, 2000, 2002, and 2004 .
We used descriptive and bivariate analyses to show percentage distributions for sociodemographic, health behavior, and health status variables at each wave. Chi-squared tests were used to assess changes in sample characteristics over the 6-wave study period. The prevalence of cognitive impairment was calculated for each wave, and the unadjusted trend was tested using logistic regression with year as the predictor. The annual percent decline in the prevalence of cognitive impairment was estimated as (1 À odds ratio) 3 100.
In our main data analyses, we used multiple logistic regression analysis to evaluate the temporal trend in the prevalence of cognitive impairment, sequentially adjusting for demographic characteristics, socioeconomic status, and health to determine which factors attenuated observed trends. To test for modification of trends by race/ethnicity and socioeconomic status, we included terms for interactions between the year variable and these factors in models that were adjusted for age, gender, and prior test exposure. Analyses were also repeated using linear probability models to examine absolute (percentage point) rather than relative (percent) change in outcome.
As most respondents appeared in more than 1 wave, observations were not independent and the intraindividual errors were likely to be correlated. To adjust for overlap in samples across waves, respondent identity was set as a cluster variable using the STATA svyset procedure (17) . In analyses, results were adjusted for the complex survey design of the HRS; that is, data were weighted to account for oversampling and poststratification adjustments to Current Population Survey estimates, and standard errors were adjusted to account for geographic clustering. Table 3 presents weighted descriptive characteristics of the study samples in 1993 and 2004 stratified by race/ ethnicity. Only 2 years of data are shown for simplicity; however, the P values represent changes in means or proportions across all years of study. The composition of the older white, black, and Hispanic populations changed between 1993 and 2004.
RESULTS
Socioeconomic status increased over time among all 3 racial/ethnic groups. Older adults in 2004 were less likely to report mothers who had fewer than 8 years of education, and the mean educational levels of respondents increased over time. In 1993, 63% of whites, 27% of blacks, and 20% of Hispanics had completed high school, compared with 76%, 43%, and 28%, respectively, in 2004. Total wealth (in constant 1993 dollars) increased over time for whites, blacks, and Hispanics. Prevalence rates of hypertension, diabetes, and obesity increased among all groups, although the change in the obesity rate was not statistically significant for Hispanics. There were increases in the number of reports of cancer for whites and blacks, whereas lung disease decreased among Hispanics. Smoking rates decreased for all groups from 1993 to 2004, but the change was not statistically significant for Hispanics (P ¼ 0.07). There were increases in reports of psychiatric disorders and hearing problems among whites, and the number of vision problems increased for blacks and Hispanics.
Overall trends in cognitive impairment Table 4 shows trends in mean cognitive scores and the prevalence of cognitive impairment overall and by race/ethnicity. The prevalence of cognitive impairment declined from 4.17% to 2.00% (P < 0.001) between 1993 and 2004, representing an absolute decrease of 2.17% points and an annual percent change of À4.34%. The improvements in cognitive scores did not appear to be due to increased scores in any particular subscale (data not shown). Mean scores increased across time for each subscale, as well as for total cognition score. Figure 1 shows unadjusted and adjusted trends in the probability of cognitive impairment among older adults. The figure displays results from successive logistic regression models with a year variable. When plotting results, we substituted 78 years for age, 0.75 for prior testing (i.e., retesting for 75% of sample), and 11 years for educational level. Adding prior testing to the age-adjusted model attenuated the slope of the trend line. After adjustment for educational level, the slope of the trend line was nearly 0.
Multivariate logistic regression models were estimated to test for trends in the prevalence of cognitive impairment. The base model adjusted for age and gender showed a significant decline in the prevalence of cognitive impairment of 6.6% per year (odds ratio ¼ 0.934, 95% confidence interval: 0.913, 0.956). Adjustment for prior exposure to the cognitive test reduced the trend to 3.4% (odds ratio ¼ 0.966, 95% confidence interval: 0.941, 0.992). Covariates were added to the model sequentially (results not shown). When we included race/ethnicity, birthplace, and marital status in the models, the trend slightly increased to a 3.5% annual decline. Adding socioeconomic variables to the model attenuated the cognitive impairment trend by 72.1%; that is, the trend was reduced from 3.5% to 1%, which was not statistically significant (odds ratio ¼ 0.990, 95% confidence interval: 0.961, 1.020). Including health status and behavior variables in the models changed the trend by less than 10%. Health variables were also added individually to the model so that we could investigate the influence of each factor. The inclusion of vision impairment and smoking attenuated the trend estimate by 8.8% and 2.1%, respectively. Adding psychiatric disorders, obesity, stroke, hearing impairment, and diabetes increased the trend by 2%-7%.
Trends by race/ethnicity and socioeconomic status
The prevalence of cognitive impairment decreased for all racial/ethnic groups, but improvements were larger for blacks and Hispanics than for non-Hispanic whites ( Multivariate analyses with interaction terms. Multivariate logistic regression models with interaction terms were used to test for differences in trends between groups. Odds ratios indicating annual percent decline in cognitive impairment are presented for each group in Table 5 . The differences in trends across racial/ethnic, educational and wealth groups were not statistically significant, though declines were somewhat larger for blacks and Hispanics than for non-Hispanic whites. In sensitivity analyses, general conclusions were robust to alternative categorizations of race/ethnicity (black, nonblack; white, nonwhite) and educational level.
Analyses were also repeated using linear probability models (data not shown), which provided estimates of absolute (percentage-point change) decline over time. Linear probability models were used to examine trends because descriptive results showed large absolute declines in cognitive impairment among blacks and Hispanics. Results from linear probability models showed that interaction terms for race/ethnicity, educational level, and wealth were statistically significant. The rate of percentage point decline was significantly higher among blacks (b ¼ À0.694, P < 0. 
DISCUSSION
The present results show a downward trend in the prevalence of cognitive impairment from 1993 to 2004 that was independent of changes in the age and gender distributions of the population. Socioeconomic variables attenuated the observed relative decline by 72%, which suggests that improvements in socioeconomic status-particularly educational level-contributed to changes in the prevalence of cognitive impairment over time. Changes in health status and behavior changed the trends in cognitive impairment by about 10%. Including psychiatric disorders, obesity, stroke, hearing impairment, and diabetes in the models actually increased the trend, which suggests that cognitive impairment may have declined more were it not for increases in the rates of chronic diseases in the older population.
Although the prevalence of cognitive impairment declined in each racial/ethnic group, larger declines were observed for blacks and Hispanics. Substantial changes in the prevalence of cognitive impairment among these groups likely contributed to the observed trend for the total population. Absolute changes in the prevalence of cognitive impairment were larger for blacks and Hispanics than for whites, which caused racial/ethnic disparities in cognitive impairment to narrow over time. To the extent that these trends represent real changes, these results are encouraging for the state of health disparities in the United States. Population health trends can be characterized using various measurement approaches, which could provide different trend estimates or answers about health trends (18, 19) . Our results showed that annual relative trends in cognitive impairment were not significantly different across subgroups, but absolute changes were larger for minorities and lower socioeconomic groups. The base (prevalence of cognitive impairment in 1993) for calculating the annual percentage of decline was much lower for advantaged groups, so small percentage-point improvements yielded relative annual trends similar to those of disadvantaged groups, for whom absolute changes were much larger.
Previous research on trends in cognitive impairment did not examine trends in disparities across sociodemographic groups. However, results from the present investigation are consistent with descriptive results from the study by Freedman et al. (5) , which showed that the prevalence of impairment decreased more steeply between 1993 and 1998 for nonwhites (15.9%-7.6%) than for whites (3.3%-1.8%) and for Hispanics (11.7%-6.7%) than for non-Hispanics 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 Estimates are from successive logistic regression models with a year trend variable: unadjusted (diamonds; P < 0.001); age-adjusted (squares; P < 0.001); adjusted for age and prior exposure to the cognitive test (triangles; P ¼ 0.012); and adjusted for age, prior exposure to the cognitive test, and educational level (x's; P ¼ 0.546). When plotting results, we substituted 78 years for age, 0.75 for prior testing (i.e. retesting for 75% of sample), and 11 years for educational level. Year trend estimate from logistic regression analysis with cognitive impairment as the dependent variable (coded 1 for score !8 on cognitive measure, 0 otherwise) and year of study as the predictor. Year trend estimates for changes in total cognition score were from linear regression analysis with total cognition score as the dependent variable and year of study as the predictor.
c P value for year trend estimate from logistic regression analysis for a significant difference in the proportion across years.
race/ethnicity-or socioeconomic-specific trends in cognitive impairment. Repeated exposure to cognitive measures could result in learning effects, which could improve respondents' scores in later years and confound comparisons over time. This investigation included a variable that indicated prior exposure to the cognitive test to adjust trend estimates for potential learning effects. Adjustment for prior test exposure in multivariate analyses reduced the annual trend considerably, from À6.6% to À3.4%. This trend represented a statistically significant decline in cognitive impairment. Researchers in previous studies have used data from panel surveys to investigate trends in cognitive impairment (5) (6) (7) (8) ; however, only one group (8) attempted to adjust trend estimates for prior test exposure. Rodgers et al. (8) found little change in levels of cognitive functioning from 1993 to 2000 after adjustment for age and prior testing.
Increases in the educational levels of older adults in the United States appear to have contributed to declines in the prevalence of cognitive impairment. Interpretation of these (21) . There are several limitations to the present study. First, prevalence estimates for the current project were based on the noninstitutionalized population. Changes in rates of institutionalization of older adults in the United States during the study period could have affected trend estimates. Second, the HRS is a longitudinal survey that has new cohorts added every 6 years. Increases over time in loss to follow-up or death could bias prevalence estimates downward in later years, inflating the trend estimate. To address these issues, changes in rates of death, attrition, and institutionalization were examined over subsequent 2-wave intervals of the HRS. Rates of death and attrition declined significantly, whereas rates of institutionalization did not significantly change over the study period. These results suggested that survey design issues do not explain the declines in cognitive impairment from 1993 to 2004. Nevertheless, selection bias remains a concern, to the extent that sample replenishment did not adequately replace participants who were lost between waves. Changes in the composition of the institutionalized population (e.g., an increased number of impaired individuals) could also bias trend estimates. The prevalence of disability in the nursing-home population increased slightly from 1995 to 1999 (22) . The percentage of residents receiving assistance with 4-6 activities of daily living increased from 75.3% to 77.2%. The proportion of nursing home residents who were black increased from 8.6% in 1995 to 11.0% in 2004 (23) ; however, the percentage of black residents receiving assistance with 4-6 activities of daily living did not change from 1995 to 1999 (22) . Only those who responded on their own behalf were included in this study, and changes in proxy respondents over the study period may influence results. However, though the proportion of proxy respondents decreased over time (data not shown), additional analyses showed no statistically significant changes in cognitive impairment among proxy respondents, as measured by global ratings of memory and judgment, and behavioral symptoms (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) and the Jorm IQCODE (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) , as judged by individuals providing data for proxy respondents.
Third, the cognitive function measure used in these analyses identified any type of cognitive impairment in the older population. The cognitive measure indicated symptomatic cognitive impairment rather than a clinical diagnosis. The identification and classification of diagnosed forms of cognitive impairment, including mild cognitive impairment, dementia, and Alzheimer disease, in population-based survey research is a major challenge. The cutoff score of 8 was chosen for the cognitive function measure in the present study to identify cognitive impairment consistent with dementia. This threshold has been shown to be a sensitive and specific indicator of clinical dementia (24) (25) (26) . Nevertheless, trends in the prevalence of diagnosable forms of cognitive impairment might not parallel those observed for the cognitive impairment measure in the present study.
Fourth, it is possible that the measurements of health status and behaviors in the HRS limited our ability to detect the influence of these factors on trends in cognitive impairment. The prevalence of self-reported health conditions might not capture the health status changes that would be important for trends in cognitive impairment. Self-report measures provide no indication of the severity, management, treatment, or control of the disease, and they are subject to recall bias, error, and changes in diagnostic criteria over time.
Measurement of health trends in older adults is important for determining public health and policy priorities and is relevant given the aging of the US population. It is important to identify and understand the mechanisms responsible for population-level changes in the health of older adults. It is unclear whether the trends observed in the present investigation may be expected to continue and what patterns may characterize future periods. Different trends in population health could result, depending on relative changes in the processes of disease, cognitive impairment, and mortality (19) .
